The number of kidneys obtained from deceased diabetic donors available for transplantation has increased >8-fold increase in the past 15 years. We assessed allograft outcomes associated with deceased diabetic donors and compared them with that of standard and extended criteria donors in the UNOS data registry. We identified 1982 recipients of diabetic standard criteria donors over a 10-year period from 1995 through 2004. Both overall and death-censored survival of organs from diabetic standard criteria donors, was significantly better than that of organs obtained from nondiabetic extended criteria donors while inferior to that from nondiabetic standard criteria donors. Compared with ECD donors, diabetic donors had lower serum creatinine, less cold ischemia and these kidneys were less likely to be pump-perfused. Recipients of diabetic kidneys were younger and less likely to experience delayed graft function compared with recipient of ECD kidneys. More recently, many diabetic donor kidneys have been given to diabetic recipients with early graft survival being similar to that among non-diabetic recipients. These findings demonstrate the potential to expand and to improve utilization of this resource without compromising outcomes for recipients. Improved, evidence-based evaluation and allocation of deceased diabetic donor kidneys is needed to optimize their use.
Introduction
The continually growing number of patients being waitlisted for renal transplantation leads to an urgent need for novel approaches to expand the donor pool.(1) There has been a steady increase in the number of deceased donor organs obtained from individuals with obesity, metabolic syndrome and diabetes mellitus in the United States, where the prevalence of these characteristics has increased significantly in the last two decades, -a trend which is likely to continue to for the foreseeable future. Since there is only limited data available in the literature about the function and survival of allografts obtained from diabetic deceased donors, we felt it important to obtain a better understanding of current utilization patterns and outcomes for organs these donors, in particular non-extended criteria diabetic donors (referred to as diabetic standard criteria donors (D-SCD). (2) The reversal of early changes of diabetic nephropathy after transplantation of deceased diabetic donor kidneys into euglycemic individuals, first demonstrated in 1983 by Abouna, following experimental data in rodents, raised the possibility of the effective use of kidneys from D-SCDs. (3) In these initial cases, kidneys procured from a single diabetic donor were transplanted into two non-diabetic recipients. Follow up biopsies performed at 7 months after transplantation demonstrated reversal of mesangial diabetic changes. One patient died with a functioning allograft at 22 months and the other patient had a functioning allograft at 36 months, despite the development of new onset diabetes after transplantation. (3, 4) Following this initial report on the use of diabetic donor kidneys, several centers began to use allografts from D-SCDs with acceptable graft survival rates. These early results suggested that organs from D-SCDs who have normal renal function and potentially reversible mesangial pathologic changes could be used successfully for transplantation and would safely expand the organ donor pool. (5) (6) (7) More recent analyses, however, have found significantly worse long-term outcomes of kidneys from D-SCDs in comparison to organs obtained from non-diabetic standard criteria donors, although the absolute difference was relatively small. (2, 6, 8) While the shortened D-SCDs allograft survival has not prevented the continued use of these organs, a large number of these organs continue to be discarded as well. Existing studies have not compared outcomes using D-SCDs kidneys with the function and survival of kidneys obtained from the expanded donor pool (extended criteria donors (ECD)) and thus fail to take into consideration the overall context for evaluating the outcomes associated with these "marginal" organs. In light of this we utilized the UNOS database to analyze the graft survival of kidneys obtained from deceased diabetic donors and compared their outcomes with those of both non-diabetic standard criteria donors and with another group of marginal donors (non-diabetic extended criteria donors, ND-ECD) which have achieved greater acceptance among the transplant community, at least for certain preselected recipients, and now represent nearly 20% of deceased donor transplants.
Methods
We compared outcomes for transplants of renal allografts obtained from diabetic and nondiabetic deceased donors performed during a 10-year period (from 1995 through the end of 2004) and distinguished those that met the definition for extended criteria from those that did not. We identified 1982 patients in the UNOS database who received transplants from D-SCD donors from 1995 through 2004 and compared death censored as well as overall graft survival of these D-SCD kidneys to the outcomes of 11,087 kidneys obtained from non-diabetic SCDs, and non-diabetic extended criteria donors (ND-ECDs) transplanted over the same time period. We also included diabetic extended criteria donors (D-ECDs) in our analysis for completion. Donors whose diabetes status was listed as "unknown" were excluded from our analysis. Univariate analysis was used to assess the impact of various donor and recipient characteristics other than diabetes on the survival of allografts from D-SCDs. A Cox proportional hazards model was used for multivariate analysis of factors, which influence D-SCD allograft survival. During our 10-year study period only 31 recipients of diabetic organs were identified as having diabetes before transplantationpartly a result of unknown diabetes status for a large number of recipients during this period.
The relative percentage of recipients with "unknown diabetes status" started to decrease starting in 2002 as the rate of identification of the diabetes status of recipients before transplantation improved considerably over time. Therefore, we performed a separate analysis to compare outcomes based on the diabetes status of the recipient using data on patients transplanted between 2002 through 2009 -a period when the vast majority of transplants of diabetic organs to diabetic recipients was identifiable in the UNOS registry.
All data was obtained from the standard transplant and research (STAR) file by the United Network for Organ Sharing (UNOS) dated November 27 th 2009. Organ discard data was also obtained from UNOS and was based on OPTN data as of January 7 th 2011. We also obtained organ discard data directly from UNOS for the period from 1995 through 2008 as part of separate data requests (request 122810-9 and 20120108-3). Statistical analysis was performed with Stata 11.2 (Stata Corp., College Station, TX).
Results
Between 1994 and 2008, the number of kidneys recovered from deceased diabetic donors increased from 173 to 1327 annually -almost an 8-fold increase (figure 1). However, this was also accompanied by a 13-fold increase in the discard rate of kidneys from diabetic donors, from 49 to 581 kidneys annually. Due this increase in discard rate, despite the overall increase in number, there was an overall decrease in the utilization of D-SCD kidneys for transplantation during that period, from 71.6% to 56.2% (figure 1, p<0.001).
It is important to note that between 1994 and 2008 the number of kidneys discarded from all deceased donors also increased significantly but at a slower rate, from 1020 to 2608 (an increase from 10.7 to 19.1% of kidneys recovered from all deceased donors, χ 2 =253, p<0.001). Almost a third of this increase in the overall discard rate of deceased donor kidneys was from the diabetic donor pool, which overall constituted only 4.8% of discarded kidneys in 1994 but as much as 22.3% of all discarded kidneys by 2008 (χ 2 =174.3, p<0.001). Over the same period there was a three-fold increase in ECD organs procured (from 1003 in 1994 to 3211 in 2008) with relatively small increase in the rate of discard of these organs from 33.2% to 43.6% (see Figure 1 ).
From 1994 to 2008, the last complete year for which data were available in the STAR file, we noted a 6-fold increase, from 124 to 746, in the absolute number of diabetic deceased donor kidneys transplanted annually ( Figure 1 ). As a result, renal allografts from diabetic donors surprisingly represent now a significant percentage of the total number of deceased donor kidneys transplanted in the United States -a rise from 1.5% in 1994 to 6.4% in 2008 (χ 2 =832.7, p<0.001). During the same period, the use of ECD kidneys also increased 2.8 fold from 679 to 1887 transplants reflecting an increase from 8% to 15.9% of all deceased kidney transplants in the United States (see Figure 1 ).
Outcomes
As expected kidneys obtained from Diabetic donors were overall inferior to those of nondiabetic donors (Log rank = 147.77, p<0.001). The presence of diabetes in ECD donors was associated with a worse outcome compared with non-diabetic ECD organs (Log rank =6.54, p=0.0106). Similarly, the diagnosis of diabetes in SCD donors also predicted a worse graft survival compared with non-diabetic SCD donors (Log rank =70.9, p<0.001). (Figure 2 ).
We also compared outcomes between kidneys obtained from D-SCDs and those obtained from non-diabetic ECDs. On univariate analysis, death censored survival of allografts obtained from D-SCDs was inferior to that of kidneys obtained from a non-diabetic SCD's; it was, however, significantly better than that of kidneys obtained from nondiabetic ECDs (Log Rank =21.65, p<0.001) (figure 2). Further analysis suggested that the risk of graft failure attributable to diabetes was significantly different between SCD and ECD organs (Breslow Day χ 2 = 9.38, p =0.0022) with the odds ratio for death censored graft failure among diabetic SCD compared to nondiabetic SCD being 1.42 (95% confidence interval 1.29 -1.56). The odds ratio for failure among diabetic ECD donors versus nondiabetic ECD donors was 1.1 (95% confidence interval 0.97 -1.26) with a wide confidence interval that was likely to be a result of the relatively small sample size.
We also found a significant difference in allograft survival depending on the duration of donor diabetes as recorded by UNOS (divided into 3 groups: 0 -5 years, 6 -10 years and > 10 years) (figure 3, Log Rank = 6.28, p=0.0433,) with a significant trend toward worse survival of D-SCD kidneys with longer duration of diabetes (Log Rank test for trend = 5.60, p=0.0179). Kaplan Meier estimates for death censored and overall graft survival are presented in supplementary tables 1a and 1b.
In Table 1 , we compare donor, organ and recipient characteristics for D-SCDs, ND-SCDs, D-ECDs and ND-ECDs from 1995 through 2004 using the nonparametric Kruskal-Wallis rank test because of unequal variances and sizes of the groups for continuous variables and the Chi squared test for categorical variables. In addition DSCDs were compared to ND-ECDs using the Mann Whitney U test and the Chi squared test. Diabetic SCDs were older, heavier, more likely to be female and hypertensive as compared to ND-SCDs while organs from D-SCDs had similar terminal creatinine, experienced slightly longer cold ischemia and were slightly more likely to be placed on a perfusion pump. Recipients of the D-SCD organs tended to older with longer waitlist times, were less likely to diabetic and experienced more delayed graft function than recipients who received kidneys from ND-SCDs. Diabetic SCD donors were significantly younger, heavier and more likely to be male when compared to ND-ECD donors. The kidneys from the diabetic donors tended to have lower terminal serum creatinine, marginally shorter cold ischemia time and were less likely to be placed on a pump than non-diabetic ECD organs. Recipients of kidneys from D-SCD were significantly younger than those transplanted with ECD organs, but had a similar gender distribution, BMI's, and times on the waitlist; they were less likely to experience delayed graft function.
Using the Cox proportional hazards model for patients transplanted with D-SCD kidneys, we found that neither the gender or body mass index of the donor and recipient, nor a history of donor hypertension significantly influenced the outcomes of renal allografts, (see table 2 ). Neither preservation on a perfusion pump nor the total cold ischemia time of the donor organ appeared to significantly impact allograft survival in this study. However recipient and donor age, terminal donor creatinine, duration of diabetes in the donor, time spent by the recipient on the waitlist (rather than dialysis time) and the degree of HLA mismatch were found to significantly influence outcomes (table 2). (9) The factors that were found significant on univariate analysis were then included in the multivariate model, where donor age, recipient age and recipient BMI > 40 Kg/m 2 remained significant. Models, adjusted for the same characteristics using death censored and overall graft survival for diabetic donors as well as all donors are included in the supplementary data section.
We have also found that in the past several years there has been a sharp increase in the use of organs from diabetic donors for diabetic recipients. The percentage of kidneys from diabetic donors transplanted into diabetic recipients rose significantly from 0 -0.5% before 2002 to 38.4% in 2008 (Figure 4 , χ 2 >1000, p<0.001). While only 7 diabetic kidneys were transplanted into diabetic recipients prior to 2002, 259 diabetic recipients received diabetic donor kidneys in 2008. Overall graft survival of organs from diabetic donors was significantly worse among diabetic recipients than among non-diabetic recipients. (Figure  5a . Log Rank = 11.83, p=0.0006). However, Death censored survival of allografts obtained from diabetic donors was similar among diabetic and non-diabetic recipients for the period of available follow-up after transplantation (Figure 5b , Log rank =0.9, p=0.3435).
Discussion
We utilized the UNOS database to analyze the procurement and transplant rates of kidneys from deceased donors with diabetes mellitus, and the outcomes of transplantation with these kidneys. The overall number of deceased diabetic donor kidneys procured and transplanted has increased dramatically over the past decade. Despite the increase in the use of renal allografts from diabetic donors, there appears to be a relative paucity of data focusing on the outcomes of kidneys obtained from diabetic donors. A small single center in 2002 analysis demonstrated the absence of significant differences in graft survival between recipients of diabetic and non-diabetic donor kidneys.(6) An early analysis of the UNOS registry (2000) suggested a slightly lower 3-year graft survival (75% vs 72%) for organs from diabetic donors compared to controls. In this study, the duration of donor diabetes was not an independent predictor of outcomes.(10) A more recent propensity score matched comparison of diabetic donor outcomes also demonstrated statistically significant inferior outcomes for these organs but noted that the absolute difference in graft survival was small (hazard ratio of 1.11) over the 10 year study period, supporting the utilization of these organs. (8) In contrast, this analysis suggested that longer duration of diabetes in the donor was associated with worse outcomes. (8) The rising prevalence of obesity and diabetes in the population is changing the comorbidity profile of the deceased donor pool. This change is being accompanied by an increasing procurement rate of diabetic donor kidneys.
Before 2000, overall 15% of kidneys obtained from deceased donors were discarded -but over 50% of kidneys obtained from donors older than 60 were discarded. (11, 12) Appropriate characterization of kidneys from older donors and quantification in 2001 of the risk of graft failure associated with transplantation of such organs (eventually labeled as extended criteria donors) contributed to an increased use of ECD kidneys. (11, 12) Notably donor diabetes is not included as a part of the definition for extended criteria donors. Some centers reported doubling of their transplant volume with the use of ECD labeled organs for pre-selected recipients; there was a parallel increase in the number of recovered organs by organ procurement organizations from donors who were older than 60. (13) (14) (15) Following implementation of the ECD policy there was an increase in the allocation of ECD organs to older recipients shortening their time on the waiting list, and this appeared consistent with the analyses of certain patients are likely to benefit the most from the use of such organs. (16, 17) Before discarding diabetic donor kidneys, one must consider the clear evidence that renal transplantation provides a significant survival benefit among patients with end stage renal disease as compared to hemodialysis. (18) (19) (20) This leads to an obvious impetus to increase the donor pool of usable kidneys. To accomplish this there is a need to develop a better understanding of outcomes associated with the use of organs from "marginal" donors. We need to expand the number of kidneys available for transplantation, and then ensure appropriate allocation of such organs to patients most likely to benefit and thus improve overall outcomes. Kidneys obtained from diabetic donors who may be best characterized as "marginal" may have a poorer outcome than those obtained with SCD kidneys but when D-SCD allograft survival is compared not with SCD organs but rather with survival of currently acceptable ECD kidneys, they have reasonable outcomes and provide a very useful organ donor source.
Inferior outcomes of grafts obtained from deceased diabetic donors in comparison to kidneys obtained from similar non-diabetic donors are not unexpected but they provide a potential source of organs for certain predefined recipients. Ten-year graft survival rates are 69.5% -6.8% lower that those obtained from non-diabetic SCD kidneys (76.3%), but better than that seen with nondiabetic ECD kidneys (68.2%). It may be appropriate to develop formal allocation system for diabetic donor kidneys perhaps not unlike that used to optimize the use of ECD kidneys.
It is important to note from our study that survival and function of organs from standard criteria diabetic donors appear to be influenced by the duration of donor diabetes, age of the recipient, the degree of HLA mismatch and the recipient BMI (table 2) . Interestingly, the age of older recipients appears to have a small protective effect on allograft survival of kidneys obtained from D-SCD.
The use of renal allografts obtained from D-SCDs appears to be associated with acceptable outcomes and such kidneys should be offered at least to certain select recipients. Patients who are euglycemic at the time of transplant and who are at low risk of developing new onset diabetes (e.g. BMI 20 -30 Kg/m 2 ) after transplantation are theoretically most likely to benefit from a D-SCD kidney, particularly since early diabetic changes in the donor kidney may reverse with extended periods of euglycemia. (3, 21) However, the relatively recent and rapid increase in the use of allografts from diabetic donors into diabetic recipients (since 2002 to the present) has shown that early death censored graft outcomes are similar in both diabetic and non-diabetic recipients of these D-SCD kidneys ( Figure 5 ). This suggests that at least certain select diabetic recipients may also be suitable candidates for renal allografts from D-SCD particularly when viewed in the context of poor diabetic patient survival on hemodialysis. (22, 23) Of note, overall graft outcomes with diabetic donor organs was significantly worse among diabetic recipients than among nondiabetic recipients. However, a detailed comparison of outcomes of these organs in diabetic and non-diabetic recipients and evaluation of the differences between the death censored and overall graft survival analysis is beyond the scope of our current discussion.
Our study represents the first attempt to categorize outcomes of allografts obtained from deceased diabetic donors (D-SCD) and to compare their survival with that of other donor kidneys obtained from non-diabetic donors -both SCD and ECD. The superior outcomes associated with renal allografts from D-SCDs when compared to ECD kidney outcomes, suggest that kidneys from D-SCD, with their relative abundance and superior outcomes relative to non-diabetic ECD donor kidneys, offer the opportunity to effectively further expand the deceased donor pool at least for certain carefully selected recipients.
Conclusion
There is a steady increase in the US in the number of kidneys being recovered and discarded from deceased diabetic donors. Our analysis of the UNOS database clearly demonstrates that acceptable renal allograft survival is obtainable with the use of kidneys from D-SCD'seven when the recipients are diabetic. Our results also suggest that kidneys obtained from standard criteria diabetic donors (D-SCD) have satisfactory outcomes that are superior to the graft survival seen with extended criteria donors (both diabetic and non-diabetic). These findings emphasize the need to develop a better understanding and methodology for evaluation and allocation of deceased diabetic donor kidneys in order to expand and improve utilization of this relatively untapped organ donor resource while ensuring acceptable and improved renal transplantation outcomes for patients with ESRD.
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